Objective: The objective of this study was to demonstrate how decision-analytic modelling can help to determine circumstances under which surgery may become cost-effective, using septoplasty as an example.
| INTRODUCTION

| Rationale
In the era of value-based healthcare, it is becoming increasingly important to obtain evidence that interventions provide outcomes valued by patients and society. As both costs and demands for care are rising, the growing strain on resources is a cause for concern in healthcare policy and practice. More than ever, the benefits of interventions need to be carefully weighed against their costs, to justify their use to society.
----------------------------------------------------------------------------------------------------------------------------------------------------------------------
Randomised controlled trials (RCTs) are the gold standard to assess the effectiveness of surgical interventions, but conducting RCTs can be methodologically challenging, costly and time-consuming. Consequently, the number of surgical trials has been consistently low over the past decades.
2 As a result, surgical interventions may be routinely applied in daily practice, while high-quality evidence for their effectiveness is lacking.
Septoplasty, that is surgical correction of the deviated nasal septum, is an illustrative example within ENT-practice. Although septoplasty is a common treatment for nasal obstruction, current literature on its effectiveness is scarce and inconclusive. 3 The estimated prevalence of a deviated septum ranges up to 80%, whereas only a minority suffers from nasal obstruction. It has been questioned whether straightening the septum provides any benefit to those patients, and if so, which patients benefit most. 4 Professional associations of ENT-surgeons have called for further research, but
RCTs comparing septoplasty with non-surgical management are still unavailable.
5,6
However, even when effectiveness data are lacking, data on the costs of an intervention are often present. These can be used to determine the circumstances under which surgery may become costeffective, thereby indicating whether cost-effectiveness is potentially feasible and thus informing future trials. Such analyses may be performed using a decision-analytic model, in which available data are synthesised to compare alternative strategies in terms of effects, costs, or both.
| Objective
The objective of this study was to illustrate the value of decision-analytic modelling when RCTs are absent, by assessing the minimal effects or societal savings needed for septoplasty to compensate its extra costs in comparison with non-surgical management for nasal obstruction in adults with a deviated septum.
| MATERIALS AND METHODS
| Ethical considerations
This modelling study was based on existing evidence. No original data were collected in human participants. Approval by the institutional ethics committee was not required.
| Target population
The target population represents a fictional cohort of patients passing through the model. Our target population consisted of adults with nasal obstruction due to a deviated nasal septum and an indication to have septoplasty performed. Following regular practice in the Netherlands and most other Western European countries, the target population was not limited to those with specific characteristics, such as a pre-defined level of disease severity or a history of medical management. In Dutch medical practice, the indication for septoplasty is based on an internal examination of the nose, which demonstrates that the deviation obstructs the nasal airway, leading to impaired nasal breathing.
| Setting and comparators
This decision-analytic model applies to secondary or tertiary healthcare settings. In the primary healthcare setting, medical treatment is the only option both for patients later indicated to undergo surgery as well as for patients following a non-surgical strategy. As a result, there was no reason to assume a cost difference at this point and the primary healthcare setting was thus excluded from the model.
After referral by a primary care physician, patients with nasal obstruction are diagnosed with nasal septal deviation by the ENTsurgeon. Treatment may consist of septoplasty or non-surgical management. As the rationale behind septoplasty is to reduce symptoms of nasal obstruction rather than merely straightening the deviated septum, non-surgical management is an equally suited alternative under current conditions of equipoise, which was confirmed by a recent systematic review. 3 Surgical and non-surgical management share the same target population (adults with nasal obstruction and a deviated septum) and intended effect (relieve of nasal complaints), and are considered suitable comparators. Non-surgical management may consist of watchful waiting or medical treatment. The decision tree comparing septoplasty to nonsurgical management for nasal obstruction due to septal deviation is shown in Figure 1 .
| Study perspective
The cost analysis was primarily conducted from a healthcare perspective, which includes direct healthcare costs (eg, treatment and follow-up). 8 Additionally, the perspective was extended by adding travel expenses and productivity losses due to poor health to the Keypoints Decision-analytic modelling can help to determine circumstances under which surgical interventions may become cost-effective.
The cost difference between septoplasty and non-surgical management for nasal obstruction due to a deviated nasal septum was €2227 per patient from a healthcare perspective and €3288 per patient from an extended perspective. As a result, septoplasty needed to gain 0.11 to 0.16 QALYs or save 13 sick days for nasal obstruction to compensate its extra costs.
The effect required by septoplasty from a healthcare perspective seems potentially achievable, meaning that it would be useful to perform a randomised controlled trial assessing the actual benefits of septoplasty.
model. The extended perspective was used to assess societal savings needed for cost-effectiveness of septoplasty.
| Time horizon
The time horizon refers to the length of time covered by the model. 
| Model input
The healthcare resources consumed and travel expenses or productivity losses incurred by each of the two treatment strategies are described below.
| Septoplasty
Undergoing septoplasty requires: an intake at the ENT outpatient clinic; pre-anaesthetic assessment; surgery (as day-case or overnight procedure); and one or two follow-up appointments. Medication is not usually needed, apart from postoperative analgesics. As maximum pain is commonly experienced within the first 24 to 48 hours after septoplasty, we assumed that patients would need mild analgesics (that is acetaminophen) during the first two postoperative days.
9
Additional follow-up is needed in case of short-term adverse events, that is, complications occurring within 6 weeks after septoplasty: nasal infection, epistaxis, septal haematoma, or adhesions. 10 Furthermore, nasal infection or septal haematoma requires medication. Based on a meta-analysis of studies on short-term adverse events after septoplasty, the risk of developing nasal infection or septal haematoma was estimated to be 2%. 11 It was assumed that patients with nasal infection or septal haematoma would be treated with oral antibiotics (that is amoxicillin-clavulanate) during 1 week.
Additional healthcare resources are also consumed in case of long-term adverse events: severe adhesions, nasal septal perforation, or saddle nose deformity. 12 These complications occur typically within the first year after surgery and may develop after a previously uncomplicated recovery. Based on literature, the risk of developing long-term adverse events was estimated to be 1%. 13, 14 As the treatment of long-term complications consists of septal surgery, they required the same healthcare resources as primary septoplasty: outpatient consultation (intake and one or two follow-up visits); preanaesthetic assessment; surgery (as day-case or overnight procedure); and mild analgesics (that is acetaminophen) during the first two postoperative days.
Based on clinical experience, uncomplicated septoplasty was estimated to incur travel expenses for five hospital visits: three appointments with the ENT-surgeon, one appointment with the anaesthesiologist, and one day of surgery. One additional visit was added for the proportion of patients with short-term complications, and five additional visits for the proportion of patients with longterm adverse events.
According to literature and clinical experience, patients may take one to two weeks of sick leave for postoperative recovery. 15 Seven days of absence from work were taken into account in calculating productivity losses after uncomplicated septoplasty. Another seven days were added in case of long-term complications, which were assumed to be treated surgically.
| Non-surgical management
To be conservative towards the potential cost-effectiveness of septoplasty, we assumed that all patients following a non-surgical strategy would receive nasal medication. Thus, undergoing non-surgical management involves outpatient consultation and intranasal corticosteroids, as meta-analyses have shown that these are more effective than antihistamines in the treatment of nasal obstruction. 16 Intranasal corticosteroids have a limited risk of complications. Short-F I G U R E 1 Decision tree of septoplasty versus non-surgical management VAN EGMOND ET AL.
| 55 term adverse events are usually mild, such as mucosal irritation or self-limiting epistaxis. 17 The main long-term adverse event is nasal septal perforation, which occurs very rarely and is associated with improper spray application. 18 Therefore, complications after non-surgical management were not included in the decision-analytic model.
It was estimated that non-surgical management would incur travel expenses for three hospital visits (intake and follow-up at the ENT outpatient clinic).
Following a non-surgical strategy may entail productivity losses due to persistent complaints of nasal obstruction despite medical treatment. As no data are available on sick days of patients undergoing non-surgical management, we calculated the reduction in productivity losses needed for septoplasty to compensate its extra costs.
| Data sources
In the Netherlands, fixed revenues for healthcare resources are derived from a case-mix system, based on "diagnosis treatment com- 
| Analyses
We determined the total costs for each of the two treatment strategies and assessed the minimal effects or societal savings needed for septoplasty to compensate its extra costs in comparison with nonsurgical management.
The required effect was expressed as a gain in quality-adjusted life-years (QALYs). QALYs are the product of quantity (duration) and quality of health (expressed in a utility score ranging from 0 to 1, with 0 representing death and 1 representing perfect health). One QALY thus equals one year spent in perfect health. The QALY-gain yielded by an intervention is weighed against its cost using the willingness-topay (WTP) per QALY as a reference. A WTP of €20 000 per QALY means that society is willing to pay on average €20 000 per patient for an intervention, if the patient will spend one year in perfect health due to that intervention. The Dutch WTP ranges from €20 000 to €80 000 per QALY, depending on the burden of disease. 8 For this modelling study, we adhered to a WTP of €20 000 per QALY.
The societal savings needed for septoplasty to compensate its extra costs were expressed as reduced productivity losses, that is a decrease in sick days for nasal obstruction due to having undergone septoplasty. Sick days were calculated based on an average of 36 working hours per week.
The analyses were performed using Microsoft Excel 2016 (Microsoft Corporation, Redmond, WA, USA).
| RESULTS
| Model input
Input parameters from a healthcare perspective (including direct healthcare costs) and from an extended perspective (also including travel expenses and productivity losses due to poor health) are shown in Tables 1 and 2 , respectively.
| Healthcare perspective
Mean total costs per patient undergoing septoplasty were €2407.
Mean total costs per patient following a non-surgical strategy were €180. Consequently, the difference in costs between both treatment strategies was €2227. Given a WTP of €20 000 per QALY, septoplasty needed to gain at least 0.11 QALYs to be cost-effective, that is 40 days spent in perfect health. A durable effect is favourable to septoplasty: the required utility-gain per unit of time decreases as the effect duration increases.
| Extended perspective
Taking travel expenses and productivity losses due to postoperative recovery into account, mean total costs per patient were €3485 for septoplasty and €197 for non-surgical management. The cost difference between treatments thus became €3288. Based on a WTP of €20 000 per QALY, septoplasty needed to gain at least 0. 
| Uncertainty
To examine the impact of uncertainty in the model input, we changed the value of one specific input parameter per time and then repeated our analyses.
We started with recalculating outcomes using the upper range limit of medication costs, to be conservative towards septoplasty.
The cost difference decreased to €2194 from a healthcare perspective and €3255 from the extended perspective. However, the required effects or societal savings remained unchanged.
Next, we varied the sick leave taken to recover from septoplasty and repeated our analyses from the extended perspective. Total number of sick days: 7 for uncomplicated septoplasty and septoplasty with short-term complications; 14 for septoplasty with long-term complications. VAN 
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| 57 perspective and €3515 from an extended perspective, leading to an increase of 0.01 in the required QALY-gain (for both perspectives) and an increase of 1 day in the number of sick days to be prevented by septoplasty.
Finally, we tested whether the model was sensitive to a reduction in the number of hospital visits required by septoplasty, but this did not change the outcome. Also a reduction in the odds of developing long-term adverse events did not alter the results.
A graphical overview of the sensitivity analyses from an extended perspective is provided in Figure 2. 4 | DISCUSSION
| Key findings
Our decision-analytic model showed that the cost difference between septoplasty and non-surgical management for nasal obstruction due to a deviated nasal septum was €2227 per patient from a healthcare perspective and €3288 per patient from the extended perspective. 
| Comparison with the literature
The required QALY-gain was evaluated in the light of benefits from other surgical interventions, see Table 3 . We searched the literature for RCTs comparing elective minor surgery to non-surgical strategies in terms of quality-adjusted life-years as measured with the EQ-5D
in adults. This type of RCTs was found to be especially common in the field of orthopaedics. We decided to include these in Table 3 , as the interventions were elective and minor like septoplasty, and the QALY as a generic measure of disease burden particularly facilitates a trans-disciplinary view. Large differences in effect were found, ranging from 0.01 to 0. 
| Strengths and limitations
The major strength of this modelling study is that we have approached the current evidence gap surrounding septoplasty from a new angle. The known difference in costs between septoplasty and non-surgical management was the starting point to determine the beneficial effects required for cost-effectiveness of septoplasty, using a decision-analytic model. Our study shows that decision-analytic modelling can help to determine conditions for cost-effectiveness, even when RCTs are absent. Furthermore, this study is reported in accordance with the Consolidated Health Economic Evaluation Reporting Standards (CHEERS). 19 The completed CHEERS checklist is provided in Appendix 1.
Nonetheless, several limitations should also be discussed. First, our input parameter values were not prospectively measured.
Instead, the model input was composed of fixed revenues and standard rates, which included all relevant component costs. This was the best available alternative (given the status of current evidence)
and an acknowledged substitute to prospective data. 8 Second, since all costs were based on Dutch healthcare prices, small differences with other countries may exist. It is expected, however, that the overall trend will be similar. Furthermore, the detailed presentation of this model provides the opportunity to repeat our analyses with values specific to other situations and countries. To demonstrate the value of decision-analytic modelling in a clinical setting, we developed a model for septoplasty from a Dutch perspective; but the potential application of this methodology is certainly not limited to a specific field or region.
Third, the time horizon of our model was one year, during which all relevant expenses were expected to have occurred. For modelling F I G U R E 2 Tornado plot of sensitivity analyses from an extended perspective studies with trial data, a longer horizon may be appropriate. In our case, however, both the magnitude and the duration of septoplasty's effect remain to be assessed. In general, a durable effect is favourable to septoplasty: the longer the effect lasts, the more time septoplasty will have to compensate its extra costs, that is the lower the utility-gain per unit of time needs to be.
| Clinical implications
As septoplasty is routinely performed in ENT-practice, the total societal costs incurred by this treatment are significant. Consequently, evaluating the cost-effectiveness of septal surgery is of high relevance to many patients, healthcare providers, and policy makers, especially in the current era of value-based healthcare. The methodology presented in this study can be applied to other surgical interventions which, like septoplasty, are commonly performed while high-quality evidence is lacking. Determining the health gain required to compensate the extra costs of surgery helps to inform future trials, whose effectiveness data can be entered in the model when they become available. With data from a pragmatic trial, the cost-effectiveness of septoplasty can also be assessed in a population of patients undergoing a mix of medical and surgical therapy, as often seen in clinical practice. Our results indicate that an RCT on the effectiveness of septoplasty is by no means superfluous: as septal surgery has the potential to be cost-effective, further research is needed to assess the effectiveness of septoplasty in clinical practice.
| CONCLUSION
This study shows that a decision-analytic model can be used to determine under which circumstances surgery may become cost-ef- For consistency, the CHEERS statement checklist format is based on the format of the CONSORT statement checklist.
APPENDIX 1 (Continued)
